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Early infarction signsAbstract Background: Early detection of infarction is important for early management to mini-
mize the effects of infarctions on the patient. Hyperdense middle cerebral artery is an early sign
for infarction.
Objectives: To determine the most accurate way and value for early detection of infarction using
hyperdense MCA artery sign.
Patients & method: 87 patients with suspected infarction underwent non enhanced CT brain,
hyperdense MCA was subjectively determined, then maximum density was determined in the sus-
pected affected side and contralateral side and ratio was made then, follow-up CT was done to
detect MCA territory infarction.
Results: The HU range of the affected MCA ranged from 44 up to 58 HU (mean value 49.62 HU).
The mean value of MCA ratio was 1.24–1.55. HU value >47 and MCA ratio >1.5 100% sensitiv-
ity is compared to subjective method that gives 56.3% only. The objective measurements of the
MCA as regards HU value and MCA ratio had a sensitivity of 100%, and specificity 60%.
Conclusion: Hyperdense middle cerebral artery sign is an accurate method for early detection of
infarction.
 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).1. Introduction
The hyperdense artery sign (HAS) on a non-enhanced CT
brain scan is considered an important radiological marker in
detection of acute arterial thrombotic occlusion and it is oneof the earliest signs of ischemic cerebrovascular accident
(CVA) (1).
The ‘hyperdense MCA sign’ refers to the appearance of
high attenuation of the proximal segment of middle cerebral
artery (MCA) that is usually associated with thrombosis of
the M1 middle cerebral artery segment and it may be the only
early diagnostic sign on computed tomography (CT) after
stroke of ischemic nature (2). Presence of hyperdensity within
the sylvian fissure of branches of MCA is known as M2-
segment, referred to as dot sign and this indicates an embolic
occlusion in distal MCA and this is associated with good prog-
nosis as compared to the hyperdensity of the M1-segment (3).
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this carries poor prognostic outcome and for this reason it is
a very important data for the clinicians (4). Apparently hyper-
attenuating arteries are more likely to be inaccurate when seen
bilaterally (5).
In our study we assessed the value of thrombus Hounsfield
unit quantification as a predictive marker of stroke. Middle
cerebral artery (MCA) attenuation was measured in Houns-
field Units on non-contrast CT examinations of the brain with
ischemic CVA confirmed clinically and on follow-up CT,
regardless of whether or not a hyperdense artery sign was evi-
dent or reported.
Also, a ratio between the involved side with CVA and the
contralateral side was measured (MCA ratio) then we investi-
gated whether a statistically significant difference exists in the
MCA ratios for patients with confirmed CVAs versus those
without, which could possibly aid in earlier CT diagnosis of
CVA. We aimed to evaluate the quantitative and qualitative
value of HAS as a predictor for large infarctions and so as a
prognostic value for stroke patients.2. Materials and methods
We studied non contrast CT (NCCT) brain of patients with
clinical suspicion of having ischemic strokes retrospectively.
A baseline and follow-up CT after 24–48 h was done.
Study was conducted on cases admitted to our hospital
from December 2014 to June 2015 within 4–6 h from symptom
onset (see Figs. 1 and 2).
2.1. Patient selection
This is a retrospective study with inclusion and exclusion crite-
ria as follows:
Inclusion criteria were the following: (1) age from 45 to
81 years, (2) hyperdense MCA on initial NCCT (non contrast
CT), (3) patients have not received intravenous thrombolysis,Fig. 1 All MCA ratios for the(4) patients who have done follow-up repeated non contrast
CT (NCCT) within 48 h.
Exclusion criteria were CT cases with no evident hyper-
dense MCA on initial CT and the study protocol was approved
by the local ethics committee.
Eighty-seven consecutive patients who had undergone
NCCT for initial evaluation (39 males, 48 females) were retro-
spectively included. Another 50 age matched patients were
included as a control group without MCA occlusion suspicion
clinically having no lateralizing sign nor having other neuro-
logical symptoms. The NCCT scans of both groups were
assessed for visual MCA hyperdensity, and quantitative
MCA attenuation was measured in a region of interest
(ROI) (see Figs. 3 and 4).
2.2. Imaging protocols
All of the patients were examined using a 16-detector Mul-
tislice CT scanner (Toshiba), Activion and Aquilion Medical
Systems, Otawara, Japan, to perform standard non-contrast
CT brain with the parameters as follows: axial scan acquisition
non-helical with collimation, 0.75 mm; pitch 0.625, tube cur-
rent, 350 mA s; tube voltage, 120 kV; time cycle, 2; rotation
speed, 0.75 s; standard resolution; section thickness, 3 mm;
and matrix of 512  512. We had continuous axial plane sec-
tions that are parallel to the orbitomeatal line and that was
from the base of the skull to the skull vertex (see Figs. 5 and 6).
On the suspected affected side, Multiple regions of interest
(ROIs) were placed on different scan cuts at the middle cere-
bral artery and on the other contralateral side with different
parameters including maximum, mean and minimum values
were obtained on both sides. We used the highest measured
value on each side provided no related bone or related vascular
calcifications were included in the drown ROI. A ratio then
between the affected side and the other non-affected side was
made. The size of ROI depends on the artery size trying to
be similar (all were 0.05–0.07 cm2). On dot sign a maximum
point value was measured. The clinical data were blinded forcases represented in a graph.
Fig. 2 HU value of the MCA for the cases represented in a graph.
Fig. 3 A female patient 79 years old with HMCAS showing left MCA territory infarction with left MCA HU max = 53.
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dividing the higher density value on a side over the other side.
The objective measurements used were proposed by Koo et al.
(6) (see Fig. 7).
3. Results
SPSS 15 was used to perform the statistical analysis. Associa-
tion between HMCAS and categorical variables was calculated
by Fisher’s exact test and/or chi-square test. Mann–WhitneyU-test was performed studying the association between
HMCAS and continuous variables.
Similar analysis was performed to test the association
between the outcome of the whole study population with dif-
ferent predictors. Differences with a value of P less than or
equal 0.05 were considered statistically significant.
87 patients with HMCAS were included in the study (either
at M1 or at M2 segment).
All cases having HMCAS at the side show the sign by CT
on the other side affected neurologically. Fifty-four patients
Fig. 4 Same patient as Fig. 3 showing the HU values on both sides with diseased site show higher HU max = 58 and contralateral
normal side HU= 33 with ratio = 1.758.
Fig. 5 A control case 52 years old with HU 43 on left side and 44 on right side with ratio 1.02.
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positive sign were females. No statistical differences were
found concerning the presence of HAS with regard to the gen-
der of the patients.
The HU range of the affected MCA is from 44 up to 58 HU
while the HU range of the normal contralateral MCA is from
29 to 39 HU. In the control cases HU range of the right MCA
is from 27 to 42 and HU of the left MCA range is from 28 to 42.
The mean CT density of the middle cerebral artery for pos-
itive cases was 49.62 HU while the mean CT density of the
middle cerebral artery for negative cases/control cases was
39. The mean MCA ratio for positive cases was 1.439 while
the mean MCA ratio for negative/control cases was 1.1.The calculated MCA ratio range was 1.24–1.55 times higher
than that of the non-affected healthy side. In all patients that
showed the HMCAS sign subjectively the MCA attenuation
value was higher on the compromised affected side we used
either rounded or oval shaped region of interest (ROI).
An attenuation value on the affected side was higher than
44HU and the calculated MCA ratio was higher than 1.3 in
all patients showing HMCAS subjectively.
However, 38 patients (43.6%) who were not considered to
have the sign subjectively had MCA attenuation on the
affected side higher than 44 HU (subjectively false negative
HMCAS). The MCA ratio was never higher than 1.2 in these
cases.
Fig. 6 A 75 years old female with left HMCAS with HU 56 at the affected side.
Fig. 7 Same case as Fig. 6 showing the normal side having HU value = 38 (ratio = 1.47).
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dictive value and the sensitivity of the Koo criteria up to
100%. We also found that MCA ratio more than 1.5 is the best
cutoff value for accurate prognosis of the MCA infarctions.
The MCA stroke occurrence in this study was then con-
firmed by performing a follow-up non-contrast CT examina-
tion 24 h after the first one. MCA territory infarctions were
found in all patients who objectively has HMCAS. For nega-
tive cases with no HMCAS, follow-up study showed no
infarction.
The objective measurements of the MCA as regards HU
value and MCA ratio had sensitivity = 100%, speci-
ficity = 60%, PPV = 95.2%, NPV = 100%, Likelihood ratiofor positive test result = 2.5, and Likelihood ratio for negative
test result = 0.
4. Discussion
Many researchers tried to calculate the attenuation value of
the flowing blood, they found it was approximately 40 Houns-
field units, it is related to the hemoglobin concentration and
this was first published in the 1980s by Schuierer et al. When
the blood is clotted, the serum is rapidly extruded, this change
will increase the attenuation to value about 80 HU, this also
will make the artery looks hyperdense and this is the basis of
the HAS.
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minant factor of the attenuation of a clot. White thrombi con-
sist of variable amounts of atheromatous and cellular debris as
well as platelets, with few intervening red blood cells and this is
resulting in lower HU values and yields more resistance to dif-
ferent fibrinolytic agents. Red thrombi usually contain some
fibrins and erythrocytes and this results in higher HU and bet-
ter susceptibility to lysis by fibrinolytic agents. Cardio-embolic
clots usually have higher HU for being red type thrombus (7).
A dense artery could be the only detectable sign in the first
hours of stroke of ischemic nature, before the other signs are
direct or indirect. It is considered as false if the sign was visible
bilaterally, but sometimes false positive results may be only
unilateral and this occurs in cases with high hematocrit level,
vascular calcification and diabetes mellitus (8).
The HMCAS was defined by the following criteria (9): (1)
good spontaneous visibility of the whole segment of the hori-
zontal part of the middle cerebral artery, (2) attenuation value
of the middle cerebral artery higher than attenuation value of
the related brain tissue, (3) disappearance on applying bone
windows, (4) unilaterality, and (5) absence of any subarach-
noid hemorrhage.
Our results are close to previous researches done to evalu-
ate the accuracy of the HAS.
Our findings are in good agreement with those of Koo et al.
(6), that defined the hyperdensity as the absolute MCA atten-
uation value >43 Hounsfield units and the calculated MCA
ratio was >1.2 (ratio between MCA attenuation value of the
compromised affected side divided by MCA attenuation value
of the other healthy side).
Our results also agreed with those of Abul-Kasim et al. (10)
who found that a calculation of combination of the affected
MCA attenuation value of about P46 HU and the calculated
MCA ratio of about >1.2 would increase the negative predic-
tive value and the sensitivity of the different objective criteria
of the HMCAS.
We found that HU> 47 with MCA ratio >1.5 were the
best values with increased sensitivity and negative predictive
value with sensitivity 100% unlike the cases evaluated subjec-
tive that shows lower sensitivity of 56.3% only.
The calculated objective measurements of the MCA for the
HU value and MCA ratio had sensitivity = 100%, speci-
ficity = 60%, PPV = 95.2%, NPV = 100%, Likelihood ratio
for positive test result = 2.5, and Likelihood ratio for negative
test result = 0.
More accurate measurements were obtained due to use of
PACS systems and ability to change the window level, better
zooming and accurate determination of calcifications in arte-
rial wall and so of the attenuation values.
We found that a cutoff value of 47 HU and the calculated
MCA ratio of about 1.5 are the most accurate in predictingMCA infarction. Also, it is associated with more neurological
deficit and poor prognosis on follow-up.
The main limitations of this study are its retrospective
design and the absence of an angiographic confirmation of
CT hyperdensity. Also there is no comparison with the patient
hematocrit and no association with the presence of diabetes or
hypertension.
5. Conclusions
Hyperdense MCAs associated with acute ischemic stroke can
be distinguished from normal vessels by measurement of atten-
uation values of affected and normal arteries. An attenuation
value of >47 HU and a MCA ratio of >1.5 are the most accu-
rate measurements in the diagnosis.
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